Early observations that sex is associated with differences in chromosome constitution heralded the chromosomal theory of heredity. This year marks one hundred years since Thomas Hunt Morgan discovered a sex chromosome-linked mutation in Drosophila melanogaster which gave final proof to this theory. Morgan's student Calvin Bridges formulated his classic balance theory of sex determination in Drosophila on the basis of genotypes with variable X : A ratios, implying a counting mechanism for X-linked female determinants and autosome-linked male determinants. Later it was found that single-gene mutations can affect not only specific traits but also the entire sexual fate of an individual. In 1944 another of Morgan's students, Alfred Sturtevant, identified a recessive autosomal mutation in D. melanogaster that caused sex reversal of XX individuals into sterile males. This recessive loss-of-function mutation, named transformer (tra), did not have any effect in XY males, suggesting that the gene is required only in XX female flies. This was one of the first pieces of evidence that sex determination can be controlled by genes. Sturtevant also had an evolutionary perspective on the genic control of sex determination. He had the foresight that the intersex mutation, previously described in the distantly related species D. virilis, corresponds to the D. melanogaster tra gene. Indeed, almost 50 years later a conserved tra orthologue was isolated in D. virilis which functionally corresponds to the previously described D. virilis intersex mutation. During the 1980s, molecular cloning and characterization of this and other Drosophila sex-determining genes revealed that the decision whether to become male or female is conveyed very early in embryonic development by a primary signal which is transmitted through a cascade of regulatory networks which ultimately results in the production of two distinct sexes.
Preface gene, provides the initial cue. Bees heterozygous at the csd locus are females, whereas hemizygous or homozygous bees are males. The product of the csd gene sets up, during early embryogenesis, the initial activation or repression of feminizer (fem, equivalent of tra ep ), by controlling alternative splicing of latter's pre-mRNAs. The fem gene is able to maintain its activated state throughout development by an autoregulatory loop. The parasitic wasp Nasonia vitripennis, however, does not have a csd locus. Instead, this insect depends on a combination of maternal supply of tra mRNA (another tra ep -equivalent gene that shows structural, regulatory and functional homologies to tra ep ) and a paternal genome set, to set up zygotic activity of tra through autoregulation of its own pre-mRNA splicing. In this species a novel way of transformer control in insect sex determination implies the action of maternal imprinting. In silkworm, attempts to discover the top molecular signals have remained elusive. All lines of evidence point to the presence of a female-determining gene on the W chromosome. Initial results suggest that this region codes for a set of zinc finger protein encoding genes but their mechanism of action has remained unclear. Interestingly, a gene encoding P-element somatic inhibitor (PSI) has been discovered recently but it is expressed in both sexes and abrogation of its function results in alteration in doublesex (dsx) splicing pattern.
Contrary to the top signals, dsx, which functions at the bottom of the sex-determination cascade, is very well conserved in almost all the insects examined to date as also in other taxa as well, where it has been shown to be essential for male determination. Thus, insects provide vivid examples of an astonishing diversity of primary signals of sex determination that not only vary between species but even within species, in contrast to terminal genes which are conserved across taxa.
Accordingly this special issue of Journal of Genetics is dedicated to provide an update of the data available from genetic studies of sex determination and of sexual differentiation in a wide range of insect species.
